SUMMARY Bile duct ligation was performed in germ-free and conventional rats in order to study the effects of bile deprivation on the absorption of dietary lipids and the excretion of faecal lipids in the presence or the absence of gastrointestinal flora. The main consequence of bile duct ligation in conventional rats was a decrease of about 50%o in the apparent absorption of dietary lipids (peanut oil). In germ-free rats, absorption decreased by only about 25%. In conventional as well as in germfree controls, faecal lipids were mainly excreted as compounds directly soluble in organic solvents that is, free fatty acids, triglycerides, partial glycerides, cholesterol, cholesterol esters. Deprivation of bile secretion significantly increased the faecal excretion of 'insoluble' compounds-that is, calcium soaps-both in germ-free and conventional rats. Free fatty acids and sterol esters were the two main classes of soluble faecal lipids both in germ-free and conventional rats deprived of bile secretion. Faecal excretion of triglycerides remained low in germ-free as well as in conventional animals. No significant difference of fatty acid absorption was observed between germ-free and conventional controls. Deprivation of bile secretion resulted in a significant decrease in the absorption of all fatty acids in germ-free as well as in conventional animals. However, the decrease was larger for saturated fatty acids-that is, 16:0 or 18:0-than for unsaturated fatty acids-that is, 18:1 or 18:2. The absorption of all fatty acids, except linoleic acid (18:2), was significantly lower in conventional rats artificially deprived of bile secretion than in their germ-free counterparts. Evidence was given for a negative digestive balance of stearic acid (18:0) in bile deprived conventional animals. This observation was correlated with a very efficient biohydrogenation of dietary unsaturated fatty acids as revealed by radio gas chromatography of faecal acids in bile deprived conventional rats fed a diet containing 1-14C oleic acid (18:1) as homogeneous triglycerides. Nevertheless, biohydrogenation of unsaturated dietary fatty acids by the gastrointestinal flora was not considered to be the only factor involved in the origin of the differences of fat absorption between bile deprived germfree and conventional animals.
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It is now well established that lipid digestion involves three difterent and coordinated processes: emulsification, hydrolysis of the substrate, and micellar solubilisation of the hydrolysis products in the aqueous medium of the intestinal contents. 1 was (1) to compare the effects of bile deprivation upon the absorption of dietary lipids both in germ-free and conventional rats, and, then, (2) to study the distribution of the different classes of faecal lipids in bile deficiency and in the two types of animals in order to detect an eventual defect of hydrolysis. We also paid attention to the possible bacterial biohydrogenation of dietary unsaturated fatty acids in the different kinds of animals.
Methods

ANIMALS
The experiment was performed using two groups of 12 conventional rats and 12 germ-free rats (Fischer strain). Mean body weight at the beginning of the experiment was 290 +9 g. In each group, six animals were operated on and fitted with a bile duct ligation, while six others-or controls-were sham-operated (laparotomy without bile duct ligation). All operations were carried out under general anaesthesia. Germ-free rats were maintained in individual metabolism cages in plastic isolators (Trexler type), whereas conventional animals were placed in individual cages in a traditional animal-house.
DIET
All animals were adapted to the same experimental y ray sterilised diet eight days before surgery. The composition of the diet is shown in Table 1 . It contained 10% lipids (peanut oil) and the fatty acid composition of dietary lipids is given in Table 2 . After a 10 day recovery period, animals were submitted to a 10 day experimental period during which the digestibility of the diet was measured. They ingested the same quantity of food (11 g/day) and that level was determined during the recovery period. Diet was offered Pure fatty acids resulting from saponification of the different lipid samples 5 were methylated in hot methanol-HCl (97:3, v/v) for one hour. Analyses of fatty acid methyl esters were performed using a Girdel FD2 gas-liquid chromatograph. Fatty acid separation was made using a stainless steel open tubular (capillary) column (100 m length x 0.5 mm ID). Stationary phase was Carbowax 20M-terephtalic acid. All details of the analytical procedure have been described previously.'3 For radio gas liquid chromatography, pure fatty acids were prepared as previously described. Methyl esters were analysed for mass and radioactivity on the Packard Model 427 gas chromatograph connected with the Packard 894 gas proportional counter. Gas chromatograph was fitted with a stainless steel column (2 mm x 3 m) coated with 5% Degs on 80/100 Chromosorb G-DMCS. Mass and radioactivity were simultaneously recorded on a dual-pen recorder (Sefram, France).
Results
Deprivation of bile secretion first resulted in a significant decrease (p < 0-05) in the digestibility of dry matter in conventional rats (89.3 ±0.5% vs 84.9 ±0 5%), whereas no significant alteration was observed in germfree animals (87.8 ±0.3% vs 87-6 ±0.4%). Where total dietary energy was concerned no significant difference was observed between germ-free and conventional controls. Digestibility of energy was significantly (p <0.05) decreased both in germ-free (903 ± 0.3% vs 86.3±0.6%) and in conventional (91.4+0.6% vs 813± 08%) animals. Nevertheless, the decrease was much larger in conventional than in germ-free animals.
The relative proportions of faecal lipids in controls were significantly higher in conventional than in germfree rats (Table 3) . Bile duct ligation drastically increased the relative proportions of lipids in faeces (approximately six times more in the two types of animals). Nevertheless, when bile duct ligation was made relative proportions remained lower in germfree than in conventional animals. As shown in Table 3 faecal lipids were mainly excreted as soluble compounds in both groups of animals. When animals were bile-deprived, relative proportions of soluble compounds in faecal lipids largely decreased in germ-free and conventional rats. However, relative proportions of soluble compounds were significantly higher in germ-free bile deprived animals than in their conventional homologues.
As shown in Table 4 no significant difference was observed for the absorption of total dietary lipids between germ-free and conventional controls. The same observation was made for total dietary fatty acids. Bile duct ligation highly decreased the absorption of dietary lipids both in germ-free and conventional animals. However, the effect was much more pronounced in conventional rats than in germ-free rats, as the absorption was significantly larger in the latter. As observed for total lipids, bile duct ligation considerably decreased the absorption of total dietary fatty acids in germ-free and conventional animals, but the effect was larger in conventional than in germ-free rats. Furthermore, it was noticed that bile deprivation decreased the absorption of total lipids more efficiently than that of total fatty acids, particularly in conventional animals.
The fatty acid composition of 'soluble' and 'insoluble' faecal lipid fractions is shown in Table 5 . Where soluble lipids are concerned it can be seen that no significant differences were observed between germ- 5 6-2 (Fig. 1) revealed that, in germ-free controls, free fatty acids, sterol esters + non-polar lipids, and cholesterol were the three main components. Triglycerides, phospholipids, and partial glycerides were minor components. In conventional controls supplementary and undetermined compounds were also observed but triglycerides and partial glycerides remained minor components. When germ-free and conventional animals were bile-deprived free fatty acids and sterol esters+ non polar lipids were the two major classes of lipids, while triglycerides and partial glycerides remained minor components of soluble faecal lipids both in germ-free and conventional animals.
As shown in Table 6 absorption of the four main dietary fatty acids did not significantly differ between germ-free and conventional controls. In all cases it exceeded 90% of the fed amount. When animals were artificially bile deprived, absorption decreases were observed for all fatty acids in both germ-free and conventional animals. Results were dependent both on the molecular characteristics of fed fatty acids and on the occurrence of a gastrointestinal flora. Only slight decreases were observed for linoleic acid (18:2) absorption and no significant differences appeared between bile deprived germ-free and conventional animals. As compared with linoleic acid (18:2), decreases were larger for oleic acid (18:1) and evidence Table 7 large differences were observed when comparing the contribution of each fatty acid to the overall increase in faecal excretion of total fatty acids. When bile deprived germ-free animals were tional animals was differently related with the increase in the faecal excretion of each fatty acid; stearic acid (18:0), oleic acid (18:1), and long-chain fatty acids represented more than 80% of the total increase, whereas linoleic acid (18:2; 38.6% of the dietary fattyacids) contributed only 35%0 to the increased faecal excretion of fatty acids. When conventional rats were fed the chow diet supplemented with glycerol-trioleate (1-14C oleic acid), radioactivity was found both in faecal stearic (18:0) and oleic acid (18:1) (Fig. 2) . Nevertheless, in shamoperated conventional rats stearic acid radioactivity represented only 10% of the total faecal radioactivity, whereas in the bile deprived homologous rats it represented 30%.
Discussion
The results presented in this study show that the gastrointestinal flora does not normally interfere with the absorption of peanut oil. This dietary fat is a highly unsaturated oil, as it generally contains more than 75% mono and polyunsaturated fatty acids. It has been observed previously that the gastrointestinal flora does not alter the intestinal absorption of unsaturated fatty acids.8 On the contrary, saturated fatty acids such as palmitic and stearic acid (16:0 and 18:0) have been reported to be better absorbed in germ-free than in conventional rats when they are esterified in highly saturated fats.8 It has also been shown that the intestinal absorption of saturated fatty acids is dependent on the unsaturated/saturated fatty acid ratio in the diet and decreases when this ratio decreases. 16 In peanut oil this ratio is very high and absorption of palmitic acid exceeds 95%, whereas in conventional rats it was previously reported to be as low as 68% (vs 80% in germ-free animals) when saturated fatty acids represented more than 65% of total dietary fatty acids.8 This illustrates once again the fact that unsaturated dietary fatty acids promote the absorption of saturated ones. This effect has been correlated with a better micellar solubilisation of saturated fatty acids and with an effective protection against precipitation as insoluble compounds like calcium soaps.17 At present, it is confirmed that the gastrointestinal flora may exhibit its negative effect upon the absorption of saturated fatty acid only when they are included in high concentrations in the diet.
The large difference of fat absorption observed between bile deprived germ-free and conventional animals was unexpected. Moreover is interesting to note that 45% of faecal fats were excreted as 'insoluble' compounds such as calcium soaps in bile deprived conventional animals, whereas they represented only 28% in germ-free homologues. No difference was observed between controls. This higher level of intestinal synthesis of non-absorbable compounds could-in addition to biohydrogenation-account for a large part of the differences observed between the two types of animals. It has been reported previously that faecal excretion of fatty acid insoluble by-products such as calcium complexes is larger in conventional than in germ-free rats when they receive saturated dietary fats.8 As a dietary supply of sodium taurocholate considerably decreases the faecal excretion of insoluble complexes in conventional animals, this observation was previously related to the fact that the intestinal content ofbile salts is two to three times larger in the germ-free rat.18 Present results show that other factors may also be involved at this level and suggest that germ-free animals may possess other physiological characteristics which promote the absorption of the products of lipolysis. This could be investigated at the level of micellar solubilisation but could be also correlated with other known factors such as transit rate or mineral absorption.7
Finally, it is also tempting to relate our data to the alterations occurring at the level of the bacterial population in the conventional animals when they are submitted to bile deprivation. In vitro studies have shown that many intestinal bacteria are very sensitive to bile acids such as cholic and deoxycholic acids.21 A large bacterial multiplication through the loss of the 'antiseptic' effect of bile could, thus, be evoked as a factor involved by undetermined mechanisms in the large increase of faecal loss of energy and lipids. Unfortunately, data collected in vitro do not apparently correlate with data collected in vivo. For instance, it has been clearly shown that bile deprivation does not induce any significant proliferation of bacteria in the gastrointestinal tract of the rat; only slight selective alterations do appear in the composition of the flora at the different levels of the digestive tract.22 Conversely, it must be remembered that bile acids may also act in vitro, but also in vivo, as growth factor versus some bacterial strains.22 23 Consequently, these contradictory results do not authorise any definitive speculation about this particular point. 
